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Description 
BACKGROUND OF THE INVENTION 
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25 



Hateblien, -Chetaetenaetton ot HeMs end CnMalta • Moo men » meetoctystalline 

AWtofc " S " „" ^vSfSS 8 ^^ Sc idHSeS that ma, b, neaoeieted «* 
nitrofurantoin has been found to reduce tne ievei oi e "Laboratory Studies 

nitrofurantoin. This association is <^^^£% £ JJK a. . UTSLons of 

with Nitrofurantoin", 56 J. Pharmaceutical ^^J^^^^St a nd Industrial Pharmacy 379 

Nitrofurantoin Crystallized from Form.c Ac.d Mixtures . 6 P^^'^?^ 012 m2/g) t0 100 0 e m'/g 

(1980). Macrocrystalline nitrofurantoin having a surface area of from 12 0 ™£^* m W° 

50 m f " t^D^^'r^ December 
S^S'lIa^or^^.^oo ,n R t^.e, e,, "Enee, o. Pnlymeta en DfceoWon 

and even dispersion of the pharmaceutical active in gastric fluids. 
Summary of the Invention 

Tlie present Invention pm.dee ™ « j^^^S 

^3M te '^%™p^-. -o. « — - - «-•»-- - 

urinary tract infections, without undue side effects. 

DESCRIPTION OF THE DRAWINGS 

The attached drawings are photomicrographs of different particulate forms of nitrofurantoin. Specifically: 
itS a perspective view of several nitrofurantoin particulates of th.s invention; 
Figu e 2 depiX a Perspective view of several particles of macrocrystalline mtrofuramom; 
Figu e 3 depicts a perspective view of several particles of nitrofurantoin monohydrate; 
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Figure 4 is a iongMnal saotional view ol a portion of a nitrofurantoin parturiate of this invention, 
. ».7»'2^W-'M5 a a^ pa* ulM e 0, «a i„..n,on. 

"'trCrC*^^ by raeunting tha partioufafea on a Carnbrtage-fype pin stub wf* 

<J£ a^MsSe? SI. »b«nad by aaoforing ma padfou!^ aafng «^f<«»J-" 

3, and 300 for Figures 4-7. 
DESCRIPTION OF THE INVENTION 

The oresent invention encompasses certain hovel nitrofurantoin particulates, methods for 
tJZSS^^^^'* administering the nitrofurantoin particulates to a human or o her an,mal 

IE* and allergic response) commensurate with a reasonable benefit/nsk rato. 
Nitrofurantoin particulates: 

SSfla^ t^^Mili may ba mada in a variety of phyai^l Mm 

wherein: . 
fa) said Darticulates are larger than 200 mesh size; (74 nm) ana 

S I?r??2Sm area of said particulates is at least 0.2 nv7g.(square meters per gram). 

commS mZa.3 maj have a distribution of values for these parameters, with mean values w,th,n the 

50 ran9 As "size" of the nitrofurantoin particulates of this invention refers to the measurernent 

of th? Smut Standard mesh screen through which substantially all of the particulates will pass jn 

As this ^^7^^^^ ™*" s that substantially all of the 

S5 used herein. J^^^f'^^^^^Z 0 f less than 200 mesh [74 urn], with few 
particulates w.11 pass ; through . ^^^JT^^ particulates having a size distribution "of 

S0 e r sh Ts0 ^riiso reTerrec, to'as "40/SO mesh" parses) means that 
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substantially all of the particulates will pass through a 40 mesh screen [420 ml and essentially >nana of 
wil. pass trough a 60 mesh [250 urn] screen Mesh measurements are d IS cussed ,n 
.<rJ*»L," Chemical Enoineer's Handbook, 4th Edition 21-46 (J. Perry, editor). 

. 9 ^Z ^!^^BETmM - m ^' of the nitrofurantoin particulates of this ^inventor , re fers to 

StSETai 5»2 SfblS ^uid nitrogen, and »e apparatus is calibrated using 

T S^nt^Wrnven^on have bu, physical characteristics simHar to those of 
T2««*«tous nitrofurantoin In particular, the nitrofurantoin particulates are typically pmacoid 
macrocrystalline anhyd ous «<T ,n . Zf^Le particulates are acicular microcrystalline aggregates 
K-SliE ST^t^i^^o^ particulates are depicted in Figure 1. 
Pa«e 1 ^perspective vL, showing both a face along its long axis and a face alongrts short ax,s 
Peculate 2 s a perspective view, showing two faces along the long axis of the particulate The scanty of 
thf Lu k ohfsTcal characteristics of these particulates to the bulk physical characteristics of macroc^stall.ne 
a^Jous ^Su?air«ln be seen by'comparison of the particulates depicted in Figure 1 with those 



20 ^Se l n urtace 9 of ' the nitrofurantoin particulates preferably consists essentially of nitrofurantoin mor, 
u I/^L« fnrL The "surface" is the portion of the nitrofurantoin particulate that is in .mmediate 
^^TS.rA^Si is submersed. The remaining inner portion , o, I the n^furantoin 
.the "core"> is comprised of anhydrous nitrofurantoin, nitrofurantoin monohydrate. or mixtures 
Seof Ro 1 5 rexample d' pL the surface 5 of a particulate, as well as the core 4 of the particular, 

eisers r»rsr such 

nitrofurantoin readilv rehydrate to form nitrofurantoin monohydrate when exposed to water . .a. wnen 
SSST^ rtle particulates of this invention is placed in an open dish in a hum.dity chamber 
o approximately 5 millimeters depth), for approximately 8 hours a -PP™™**^ 
(as a inin wyw u yv » Preferably the surface of the nitrofurantoin particulates of this invention 

Accordfngly. the nitrofurantoin particulates of this invention are preferably compnsed of from 5 /o to 
100%TnX^ monohydrate. More preferably, the nitrofurantoin particulates compnse at least 50 ^ 
Ze preSJy at least 90%. nitrofurantoin monohydrate. Nitrofurantoin particulates ^tain-ng less than 
100% SStoin monohydrate consist of: a "surface layer" comprising nitrofurantoin 
ZXSZ^r,^ forms on the surface, and in the contiguous portion of the core; with the remaining 

SS^St*— monohydrate and n—n 
anhJJmus may be determined using standard analytical techniques well known in the art >" Pa». the 
re.atir P ropoLn of nitrofurantoin monohydrate in the nitrofurantoin ^^.^'^^S 

220 C (428 F). scannea ai a jaw w fi0 . c (1 76 • F) to 1 50 ♦ C (302 • F). This lost weight constitutes 

50 ^ ^te^^^^ in the sample. Accordingly, the 

IJS^^pla is determined by multiplying the weigh! jd by 
Soximately 14.3. This weight is then compared to the weight of the original sample to determine the 
pe P c nS o" nitrofurantoin monohydrate in the sample. A genera, description of such analyses useful 
S5 Serein is set forth in Thermal Analysis . 3d edition (W. Wendlandt. editor. 1986) 

T, prtence o f nitrofurantoin mo nohydrate on the surface of the particulates may be determined by 
attended total reflectance, infrared spectroscopy. Samples of particulates are placed on a KRS-5 crystal 
(nSnTapproximately 50 cm x 3 cm x 3 cm dimensions), at a 45 degree entry angle. A 4 cm resolution 
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*u ^ nt fmm <wnn cm" 5 to 450 cm" 1 . Distinct absorbance is seen at the 
spectrum is obtained over the range of 1018 . 893, and 877 : By comparison, 

U.S. Pharmacopeia XXI, page 735. 
Methods of manufacture : 

The nan*,— particulates o. Wis Invent ma, b, ma* b» tha mamod comprising the steps ct 

(c) mixing said solution for at least 5 minutes; and 

(d) filtering said solution. • „ ro «„ ah iv h»<! a oarticle size distribution of from 30 mesh 
The anhydrous nitrofurantoin added m ^^T^TZS^ 5 to 60 mesh [250 um]. This 
l5 90 urn] to 100 1149 am] ^J^Jp^^S^I! the final nitrofurantoin particulate 
££ SiSTS so£ rmSin aep (c) for at .east 6.5 hour, *so. preferably the anhydrous 

prepared by processes wherein th.s mixmg step is 5 ™ es . is continued for 24 hours. The 

30 Compositions : 

The compositions of this invention comprise: 
(a) a safe and effective amount of nitrofurantoin particulates; and 

. sax. 1 . LiJ' S gt ' i ' v ' ^as aasssss 
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■ various oral dosage forms can be used, including such solid forms as tablets, capsules, granules and 
bulk powders. These oral forms comprise a safe and effective amount/usually at least 5%, and preferably 
from 25% to 50%. of the nitrofurantoin particulates. Liquid oral dosage forms include aqueous solubons 
emulsions suspensions, solutions and/or suspensions reconstituted from non-effervescent granules, and 
errvTscent preparations reconstituted from effervescent granu.es. containing suitable solvents, preserva- 
tives eSfrying agents, suspending agents, diluents, sweeteners, melting agents, coloring agents and 

flaVO pSeS nl compositions of this invention employ a suspension system comprising one or more, 
compounds (herein "suspension agents") that maintain the nitrofurantoin particulates In an essent,ally 
3m aqueous suspension at typical conditions of storage and use. Such suspense systems, suspen- 
sion agents, and methods of their use include those well known in the art. See for example M 
Pernarowski "Solutions. Emulsions and Suspensions". Remington's Pharmaceutical Sconces (A. Osol 
editor 15th Edition. 1975). Suspension agents useful in the compositions of th.s invention include, for 
example, cellulose ethers (such as methylcellulose, hydroxyethylcellulose. and ^^^^1 
aloinates carboxyvinylpolymers. xanthan gum. colloidal silicas, montmor.llon.te clays and hydrophob.cally 
Je 9 lTmonS.onL clays (such as magnesium aluminum silicate), and mixtures thereof. Preferred 
suspension agents include mixtures of cellulose ethers and magnesium aluminum silicate. 

OnTpreferred suspension system employs a mixture of methylcellulose and magnes,um aluminum 
silicate In such a system, methylcellulose may be used at levels of from 0.1% to 10%. preferably from 
oS to 15%. and magnesium aluminum silicate may be used at levels of from 0.19% to 10%. preferaWy 
from 2 5% to 4.0%. Methylcellulose. or cellulose methyl ether, is commercially available from a variety o 
sources as a chemically treated plant cellulose derivative. Among such methylcel lulo se matenals ^useful 
herein is Methocel. sold by Dow Chemical Company. Magnesium aluminum silicate (or aluminum magne- 
sium silicate) is of the formula AfeMgOsSfe. occurring naturally in such smectite minerals as c°'era.nrte 
saponite. and sapphirine. Refined magnesium aluminum silicates useful herein are readily available, such as 
Veeaum manufactured by R. T. Vanderbilt Company. Inc. 

Z compositions of this invention preferably contain an "antiseptic agent", i.e.. one or more , materials 
that prevent or arrest the growth or action of microorganisms by inhibiting their activity and/or by destroying 
Jem' These materials are" preferably present at a level of from 0.001% to 0.5%. Many antiseptic ^atenate 
30 are known in the art. including preservatives, disinfectants and antiseptics. Such matenals are described, for 
example, in Disinfection. Ste rilization and Preservation 3d (S. Block ed.. 1983). _ 

The compositions of the present invention may also contain opt.onal components that mod.ty the 
physical characteristics and/or therapeutic effects of the compositions. Such optional ^'"P 0 " 9 ^^^ 
nowever. substantially affect, in an adverse manner, the therapeutic activity of the nitrofurantoin partcu ate* 
35 The optional components useful herein must not also substantially affect, in an "*^J™£** 
viscosity of the aqueous suspension. Preferred optional components useful herein include colorants, 
sweeteners, and flavorants. typically at levels of from 0.01% to 0.2%. ^ „•„,..•. 

The pH of liquid suspensions of this invention is preferably from 1 to 6, more preferably from 3.5 to 5X>. 
The pH may be adjusted by addition of a pharmaceutically-acceptable acid or base. Suitable acids include. 
40 for example, hydrochloric acid and carboxylic acids such as citric acid, tartaric acid, and succinic acid 
Suitable bases include, for example, the oxides and hydroxides of calcium, potassium, sodium and 
magnesium, alkaline quaternary compounds, alkaline amino acids, and mixtures thereof. _ 

9 The compositions of this invention may be made by any of a variety of processes well known in. *e 
industry. Such processes typically involve admixture of the components, followed by homogenizing. As w.H 
, 5 be appreciated by those skilled in the art, the conditions under which the compositions are mixed and 
homogenized may have an effect on the product viscosity. ■ ■ . ^-.nicterinn 

An infectious disorder in a human or other animal subject can be treated or prevented by admm stenng 
a safe and effective amount of nitrofurantoin particulates to said subject. As used herein an .nfectious 
disorder" is any disorder characterised by the presence of a microbial infection. A composition compns.ng 
so the nitrofurantoin particulates of the present invention is preferably used for the treatment of bacterial 
infections, particularly for genito-urinary infections, and gastrointestinal infections. . 

The specific dosage of nitrofurantoin particulates to be administered, as well as the duration of 
treatment, are mutually dependent. The dosage and treatment regimen will also depend upon such factors 
as the route of administration, the type of dosage form used, the infectious agent present, the ability of the 
55 nitrofurantoin particulates to reach sustained effective levels at the site of the ,nfection,the nature and 
extent of other^ infections (if any), the personal attributes of the subject (such as weight), compliance. w.th 
the treatment regimen, and the presence and severity of any side effects of the treatment. 
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EXAMPLE I 

days. The infection is eradicated. 



35 



40 



45 



EXAMPLE il 

A composition of this invention is made having the following composition: 
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Component 


% (by weight) 


nitrofurantoin particulates* 
nitrofurantoin monohydrate 
magnesium aluminum silicate 
sodium carboxymethylcellulose 
glycerin 
sorbitol 

methyl paraben 
propyl paraben 
citric acid 
purified water 


0.508 
0.018 
3.010 
1.180 
13.570 
15.050 
. 0.129 
0.022 
0.726 
65.787 


* made according to Example I 
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A human subject suffering from gastritis mediated by ^HJfi^B^fS^j^ 
ment in the subject's symptoms; 
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essentially of nitrofurantoin monohydrate crystalline forms. 

2. Nitrofurantoin particulates, according to Claim 1, wherein said BET surface area is at .east 0.4 m*/g. 

3. Nitrofurantoin particulates, according to Claim 2. wherein said particulates have a size distribution of 
from 250 urn to 420 urn (40 mesh to 60 mesh). 

4. Nitrofurantoin particulates, according to any of the preceding Cairns, wherein said particulates are 
comprised of at least 50% nitrofurantoin monohydrate. 

20 5. Nitrofurantoin particulates, according to Claim 4 comprising at least 90% nitrofurantoin monohydrate. 

pScuSs fXT— monohydrate crystaliine forms, comprising the steps 

25 ° f ' m nrpiwino a saturated aqueous solution of nitrofurantoin monohydrate; ■ • 

£) P X to s^ Son anhydrous nHrofurantoin having a particle size larger than 74 um<200 

mesh size); 

(c) mixing said solution for at least 5 minutes; and 
30 (d) filtering said solution. 

7 A method of making nitrofurantoin particulates, according to Claim 6. wherein said anhydrous 
l«in haTa particle size distribution of from 250 urn to 420 urn (40 mesh to 60 mesh). 

35 8 A method of making nitrofurantoin particulates, according to Cairn 1 wherein said anhydrous 

9. A method of making nitrofurantoin particulates, according to Claim 6. wherein said solution is mixed in 
said step (c) for at least 6.5 hours. 

40 ' 

Patentansprtlche 

1 Teilchenformiges Nitrofurantoin, dessen Teilchen groBer als 74 um (mesh-GroBe ^ ^^f^ 

1. leucneniorm.g^ RFT.oberfiache dieses teilchenfQrmigen Materials wenigstens 0,2 m /g 

von Nitrofurantoinmonohydrat besteht 

2. Tei.chenfdrmiges Nitrofurantoin nach Anspruch 1. wobei die BET-Oberflache wenigstens 0.4 m*/g 
betragt. 

50 3 Teilchenfdrmiges Nitrofurantoin nach Anspruch 2. wobei das teilchenfdrmige Materia, eine TeHchengrd- 
' Benverteilungvon 250 umbis420um(40meshbis60mesh)aufwe.st. 

4 Tei.chenfdrmiges Nitrofurantoin nach einem der vorhergehenden Anspruche. wobei das teilchenfdrmige 
55 Material wenigstens zu 50 % aus Nitrofurantoinmonohydrat besteht. 

5. Teilchenfdrmiges Nitrofurantoin nach Anspruch 4. welches wenigstens 90 % Nitrofurantoinmonohydrat 
enthalt. 
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6 Verfahren zur Herstellung von teilchenformigem Nitrofurantoin, dessen Teilchen 0«Ber * W lim 
SZhMto 200Wind wobei die BET-Oberflache dieses teilchenfSrmigen Materials wen.gstens 0,2 
m^ «** teilchentermigen Materials im wesentlichen aus knstallmen 

flT^Zi^ besteht; welches. Verfahren die f^^. "** 

(a) Herstellen einer gesattigten waBrigen L6sung von Nlfrofu ^ ~ als 74 um (200 

(b) Hinzufugen von wasserfreiem Nitrofuranto.n mrt einer Te.lchengroBe groBer als 74 um ^uu 



mesh) zu dieser L5sung; 

(c) Vermischen dieser Losung wahrend wenigstens 5 mm; und 

(d) Filtrieren dieser Losung. 
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9.. Verfahren zur Herstellung von teilchenformigem Nitrofurantoin nach Anspruch 6, wobei die Lfisung in 
der Stufe (c) wahrend wenigstens 6.5 h vermischt wird. 

20 Revendlcatlons 

1 Particules de nitrofurantoVhe. de granulomere superieure a 74 urn (200 mesh), caracterisSes en ce 
^surfac Jcfique BET desditespartcules est d-aumoins 0.2 m^jet en ce que la surface 
32dL pXSest essentieHement formee de cristaux de monohydrate de nrtrofuranto-ne. 

2. Particules de nitrofurantoin selon la revendication 1. dans lesquelles ladite surface specifique BET est 
d'au moins 0,4 m 2 /g. 

3. Particules de nitrofurantoVne selon la revendication 2. dans lesquelles lesdites particu.es ont une 
distribution granulomere de 250 urn a 420 urn (40 mesh a 60 mesh). 

4. Particules de nitrofurantoVne selon Tune quelconque des revendications p^rt« dans lesquelles 
ieSites particules sont constituees d'au moins 50% de monohydrate de n.trofuranto.ne. 

35 5. Particules de nitrofurantoVne selon la revendication 4, comprenant au moins 90% de monohydrate de 
nitrofurantoVne. 

monohydrate de nitrofurantoVne, comprenant les etapes qui consistent a: ^ 

tai oreoarer une solution aqueuse saturee de monohydrate de nitrofurantome, 
. SfiTltt J de la nitrofurantoVne anhydre ayant une granulomere supeneure a 74 

urn (200 mesh); . 

(c) meManger ladite solution pendant au moins 5 minutes; et 

(d) filtrer ladite solution. 

7 Procrfde de fabrication de particules de nitrofurantoin? selon la revendication 6 dans lequel ladite. 
lotufan^^ a une' distribution granulom^trique de 250 ,m a 420 urn (40 a 60 mesh). 

8. Precede de fabrication de particules de nitrofurantoVne selon la revendication 7 dans lequel ladite 

9 Proc6de.de fabrication de particules de nitrofurantome selon la revendication 6. dans lequel ladite 
"' solution est melarigee dans ladite 6tape (c) pendant au moins 6,5 heures. 
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Fig. 6 
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